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S Y N 0 P S I S

Objective. Lead poisoning, the oldest recognized occupational disease,
remains a danger for children and adults. Data collected for 664 cases

reported to the Massachusetts Occupational Lead Registry in 1991-1995
were summarized in a 1998 state report. Here, the authors present some of
the key findings from that report for a wider audience.

Methods. The authors summarize key findings of the 1998 state report.

Findings. Construction workers, in particular licensed deleaders and house

painters, accounted for almost 70% of occupational cases involving blood
lead levels > 40 micrograms of lead per deciliter (mcg/dl) of blood. Among
100 workers with the highest blood lead levels (. 60 mcg/dl), 29% were

house painters. Hispanic workers were over-represented in the Registry. A
small proportion of cases were non-occupational, typically associated with

recreational use of firing ranges or do-it-yourself home renovations.

Conclusion. Lead poisoning is a preventable disease, yet these data indicate
that additional prevention efforts are warranted.
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I nhaled or ingested lead can cause both acute and
chronic health problems in children and adults.
Workers in many industries may be exposed to
dangerous levels of lead. Lead is used in the man-
ufacturing of many products, such as batteries,

bullets, and plastic goods. Lead paint is found in many
older residences, where it poses a health hazard not only
for the children and adults who live in these homes but
for adults removing paint or renovating. Lead has also
been used extensively on exterior surfaces, placing bridge
painters and other heavy construction workers at risk of
lead poisoning.

In the occupational setting, lead may be absorbed
into the body by inhalation of lead dust or fumes. Lead
can also be ingested for example, when workers eat
their lunches in contaminated workplaces.

Massachusetts is one of more than 25 states with
occupational lead registries that participate in the Adult
Blood Lead Epidemiology and Surveillance (ABLES) pro-
gram funded by the National Institute for Occupational
Safety and Health (NIOSH). The goal of the Massachu-
setts Occupational Lead Registry is to reduce the inci-
dence of lead poisoning among the state's workers and
their families by identifying overexposure to lead in work-
ers and workplaces. The Registry is located within the
Division of Occupational Safety at the Massachusetts
Department of Labor and Workforce Development.

Data collected by the Registry from April 1991 to
December 1995 were summarized in a state-issued
report titled Lead at Work: Elevated Blood Lead Levels in
Massachusetts Workers, released in 1998.' In what fol-
lows, we present some key findings from that report. (A
detailed analysis of elevated blood levels among construc-
tion workers was published in 1994.2)

DATA COLLECTION METHODS

The lead standard of the US Occupational Safety and
Health Administration (OSHA) requires control of expo-
sure to ambient lead dust and medical monitoring of all
workers exposed to lead.3 The standard calls for engineer-
ing controls to reduce airborne lead concentrations, per-
sonal protective equipment, and hygiene facilities includ-
ing clean lunch rooms and showers. Massachusetts lead
registry staff have observed that compliance with the
medical monitoring provision is far from complete.

Since April 1991, clinical laboratories in Massachu-
setts have been required to report blood lead concentra-
tions .15 micrograms of lead per deciliter (mcg/dl) of
blood in people ages 15 and older to the Massachusetts

Occupational Lead Registry.4 Laboratories are required to
submit reports to the Registry weekly. Registry staff
believe that laboratory reporting of elevated blood lead
levels is nearly complete.

At the Registry, reports of people with blood lead lev-
els .25 mcg/dl or greater are entered into a computerized
database. (During the study period, reports of levels .15
mcg/dl but <25 mcg/dl were filed but not entered into
the database.) Because of resource limitations, the Reg-
istry follows up only on people with blood lead levels .40
mcg/dl; OSHA requires increased medical surveillance at
this level. Using a structured questionnaire, a trained,
bilingual (English-Spanish) interviewer obtains informa-
tion over the telephone about a variety of topics including
source of lead exposure (for example, occupation, hobby,
home renovation), working conditions, and demographics
including racial and ethnic self-identification. Respon-
dents are asked to choose their answers from a predeter-
mined list of responses. For example, seven choices are
provided for "race" (white, black, Hispanic, Asian/Pacific
Islander, American Indian/Alaskan, other, unknown), and
18 choices are provided for "ethnicity" (including Puerto
Rican, Dominican, Brazilian, Cape Verdean, Eastern
European, African, Chinese, Cambodian, and so on). If
occupation is the reported source of over-exposure, indi-
viduals are asked additional questions about their
employer's efforts to control lead in the workplace.
Health care providers are also contacted by telephone to
confirm or provide information, including industry and
occupation.

Case definition. The Registry uses the NIOSH defini-
tion of a case of lead poisoning: a reported blood lead
level .25 mcg/dl in a person for whom there were no
reports of blood lead levels exceeding this threshold dur-
ing the previous calendar year. This case definition is
used in an attempt to measure the incidence of lead poi-
soning; thus, the same person might be counted more
than once over the study period. For the analyses
reported here, we used the highest blood lead level
reported for a case to determine the distribution of cases
by blood lead level.

F I N D I N G S

From April 1991 through December 1995, the Registry
received 5993 reports of blood lead levels .25 mcg/dl for
2457 separate individuals, with 2584 cases meeting the
NIOSH case definition. Of cases meeting the NIOSH
definition, 664 (26%) involved people with at least one
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blood lead level .40 mcg/dl, the level at which OSHA
requires increased medical surveillance. (Duplicate
reports were filed for 10 individuals.) Ten percent of
cases (266) involved people who had a blood lead of at
least 50 mcg/dl, a level that should trigger immediate
removal from exposure under both the OSHA construc-
tion lead standard and Massachusetts regulations for res-
idential lead paint workers ("deleaders").

Information about source of exposure was obtained
from either individuals with elevated blood lead levels or
their physicians for 646 (97%) of the 664 cases involving
people with blood lead levels .40 mcg/dl. Ninety-nine
(15%) of the 646 cases were attributed to non-occupa-
tional exposures. The two most common sources of lead
exposure for the non-occupational cases were home reno-
vation, which accounted for 38% of the 99 non-occupa-
tional cases, and shooting range use, which accounted for
36% of these non-occupational cases.

The industry was known for 546 of the 547 occupa-
tional cases involving blood lead levels .40 mcg/dl (Fig-
ure 1). The majority (69%) of the 546 cases involved peo-
ple employed in construction, predominantly the
deleading and painting industries. Of 161 painters, 60
were bridge painters and 101 were house painters. Blood
lead levels .60 mcg/dl were reported for 100 of these 546
occupational cases, 80% of which involved construction

workers. This high blood lead group included 46 painters
and 21 deleaders. Three of the house painters had lead
levels in the range of 130 mcg/dl -135 mcg/dl, the high-
est occupational exposures identified by the Registry dur-
ing the study period.

Interviews were completed for 320 (59%) of the 546
cases involving people with blood lead levels .40 mcg/dl
attributed to occupational exposures. Information on
industry and occupation was not collected from one
respondent. Twenty-seven (9%) of interview respondents
described themselves as Hispanic; this proportion was
approximately four times the Hispanic proportion of the
employed population of Massachusetts.'

Among the 87 deleaders interviewed, 84 (97%)
reported being tested as part of an employer-sponsored
medical screening program, while among the 233 respon-
dents who worked in other industries, the figure was 50%
(Figure 2). Among the 103 house painters interviewed,
only 35% said they had been tested as part of a medical
monitoring program. Almost all deleaders (95%) also indi-
cated that they had received training about lead hazards,
compared with 48% of respondents employed in other
industries. Only 38% of house painters reported having
received training about lead hazards. Of the 36 people
interviewed who had blood lead levels .60 mcg/dl, a level
at which medical removal from further exposure is
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Figure 1. Distribution by industry of cases involving blood lead levels >40 mcg/dl (N = 546 cases for which
industry was known)
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Figure 2. Self-reported participation in medical screenin
blood lead levels .40 mcg/dl
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required by OSHA, 21 (58%) said that they7 were still
working in conditions that exposed them to lead at the
time of the interview.

D I S C U S S IO N

Surveillance of elevated blood lead levels in adults
through the collection of clinical laboratory reports allows
identification of industries and populations for which
intervention efforts are needed. The above data suggest
that workers in a variety of industries, most notably the
construction industry, may still be over-exposed to lead in
Massachusetts. These findings also suggest that Hispanic
workers are overrepresented in the population of workers
with elevated blood lead levels, and that non-occupa-
tional exposures to lead in firing ranges and home renova-
tion are causes of concern.

Construction workers. The proportion of cases involv-
ing people wvho worked in construction (69%) is substan-
tially higher than reported by lead registries in other
states, as summarized in an earlier report.' The extent of
residential deleading and state requirements for licensing
deleaders likely account in part for this difference. In
Massachusetts, lead paint abatement (deleading) is
required whenever a child younger than age 6 lives in a
residence that has lead paint. This requirement is virtually
unique in the United States, and, while compliance is not
complete, several thousand housing units are deleaded
each year (Unpublished data, Asbestos and Lead Program,
Massachusetts Department of Labor and WVorkforce

ig among 319 workers with

71%
44%

Development, 1996-
1999). Deleaders must
be licensed, and in
order to obtain and keep
their licenses, they must
take an initial training
course and a yearly
refresher course. In
addition, they must
have a blood lead test
every/ tNv.o to three
mon11ths3 andu repor1t

I In~tose results to thneOther Non-, licensing office. Caseconstruction construction
ascertainment is there-

n = 32 n = 95 fore likely to be higher

for deleaders than work-
ers in other industries
wNith fewer regulations.

Nearly 100% of the deleaders interviewed reported
that they had been tested as part of a medical monitoring
program and that they had received training in the haz-
ards of lead. Findings from the first two years of a manda-
tory blood testing program in Taiwan show an apparent
reduction in blood lead levels among lead-exposed work-
ers.6 The licensing requirements for deleaders in Massa-
chusetts appear to promote medical monitoring in this
industry, yet despite strict licensing requirements, many
deleaders continued to have high blood lead levels during
the study period. Deleading is a hazardous occupation,
and increased efforts to prevent overexposure to lead in
this industry are warranted.

Among the 100 cases with the highest blood lead lev-
els, 29% involved house painters. Surveillance systems in
other states have reported similar findings7 (Personal
communication, Milinda Daye, MPH, Occupational
Health Surveillance Program, Connecticut Department
of Public Health, May 1999). We have found no pub-
lished studies on airborne lead concentrations associated
with house painting. However, the common use of power
sanders, dry scraping, and other abrasive methods of
paint removal suggests that lead exposures in this indus-
try can be quite high. Worksite investigations conducted
by the Division of Occupational Safety of the Massachu-
setts Department of Labor and Workforce Development
reveal that protective measures such as the use of dust-
suppressing controls and appropriate respirators are often
lacking. The California Department of Health Services
found average eight-hour exposures of 420 mcg/m3 of air
from dry scraping, more than eight times the eight-hour
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exposure limit set by OSHA.8 NIOSH has reported that
the use of power tools and torch burning can create occu-
pational exposures to airborne lead of more than 200
times the OSHA Permissible Exposure Limit (PEL).'

As further discussed in the following section, the
number of house painters reported to the RegistryN is
likely a substantial undercount of the true number of
house painters with elevated blood lead levels. Federal
regulations requiring construction workers, including
house painters, to have blood lead monitoring wrere not in
place until 1993, and compliance wvith these regulations
is likely to be limited in the house painting industry for
several reasons. The house painting industry is difficult to
regulate given the informal nature and small scale of
many businesses. Workers often move from one job site
to another. As a result, it is sometimes difficult to estab-
lish responsibility for medical monitoring. Because of
these practical difficulties, it is important to direct educa-
tion and prevention efforts to small businesses and tem-
porary workers through trade unions, trade associations,
building and paint supply stores, and other venues.

Hispanic workers. The finding that Hispanic workers
are over-represented in the Registrv is consistent with
earlier reports from several other states, including New
Jersey,? California,'' and Texas. W2Workers from minority
ethnic groups, especially black and Latina(o) workers,
have been shown to be over-represented in many of the
more hazardous industries and occupations, including
jobs with greater potential for lead exposure.'3-'6 A num-
ber of studies conducted in New Jersey during the mid-
1980s and early 1990s found that minority workers' rates
of occupational lead poisoning, fatal construction
injuries, work-related finger amputations, and chemical
poisonings leading to hospitalization (most of which
occurred at work) all exceeded the rates for white work-
ers."' Lead poisoning prevention efforts should be
directed at high risk industries in which minority workers
are disproportionately represented. Furthermore, there is
clearly a need to develop linguistically and culturally
appropriate educational programs to educate minority
workers on the hazards of lead.

Non-occupational exposure. Although the majority of
cases of elevated blood lead levels in adults were found to
be due to occupational exposures, a small but significant
proportion of cases involved non-occupational sources.
There have been numerous reports from both Mlassachu-
setts and elsewvhere of lead absorption from recreational
use of firing ranges. These reports are not surprising,

since airborne lead concentrations at firing ranges can be
high (often 500 mcg/m--1000 mcg/m' or higher'/). The
number of shooters with elevated blood lead levels is not
known; however, since there are more than 800,000 com-
petitive pistol shooters in the United States and an
unknown number of recreational shooters,' the public
health significance is substantial.

Non-occupational exposure to lead during home reni-
ovation is likewise an important concern. NlLost homes
built before 1978 have lead-based paint. According to a
survey published in 1990 by the US Departmenit of
Housing and Urban Development, 57 million of the 77
million privately owned and occupied homes built before
1980 contained lead paint.'8 Painting and renovating by
scraping, sanding, or burning lead paint can generate
dangerous levels of airborne lead. Children who live in
older residences that are undergoing renovation activities
are also at risk.'9 Elevated blood lead levels due to home
renovation underscore the widespread extent of lead in
homes and the potential for exposure even in projects not
specifically undertaken for the purpose of deleading. The
US Environmental Protection Agencv and several state
healtlh departments have in recent years published edu-
cational materials on this subject, which should be widely
distributed.

Limitations. The findings in this report are subject to
several limitations. Although OSHA standards require
employers to conduct periodic blood lead testing of lead-
exposed employees, studies have shown that a large pro-
portion of these workers are not provided with medical
monitoring for lead. In the late 1980s, a California study
found that only 1.4c of lead-using companies had med-
ical surveillance programs.20A similar study in Washing-
ton state found that only 17% of lead-using employers
routinely tested their emplovees.' Also indicative of the
lack of blood lead testing is the fact that while the 27
adult lead registries in the country reported about 12,000
cases of blood lead levels .25 mcg/dl in 1997,22 the Third
National Health and Nutrition Examination Survey
(NHANES) estimated a total of 700,000 adults nation-
wide with blood lead levels .25 mcg/dl. " Therefore, the
Mlassachusetts findings, like findings from other states,
must be considered a conservative estimate of the true
extent of elevated blood lead levels among workers.

In addition, because employers in some industries are
more likely to conduct medical monitoring and identify
cases of elevated blood lead, the distribution of cases in
the Registry by industrv does not necessarily reflect the
underlying distribution of elevated blood lead levels by
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industry in the population. Workers in industries that are
less likely to offer blood lead testing, such as house paint-
ing, may not be tested until they become symptomatic
and seek medical care.

Furthermore, use of NIOSH's case definition pre-
sents a limitation. The use of this definition is an attempt
to measure the incidence of occupational lead poisoning
year by year, not the prevalence in the population. Thus
the data reported here under-represent the true extent of
the problem. In addition, while the focus on new cases is
important, it should not obscure the existence of some
individuals who remain in the Registry with elevated
blood levels year after year.

Finally, it should be noted that the findings in this
paper are based on data collected more than five years

ago. However, the data collected by the lead registry have
remained remarkably stable over the past 10 years, as evi-
denced by analyses conducted on 1991-1993 data and
preliminary analyses conducted in 1998. The authors
have no reason to believe that the findings reported here
are no longer relevant.

Conclusion. Lead poisoning is a wholly preventable dis-
ease. In Healthy People 2010: National Health Promotion
and Disease Prevention Objectives, the federal government
set as a goal the elimination of exposures that result in
workers having blood lead levels >25 mcg/dl.24The infor-
mation collected by the Massachusetts Occupational
Lead Registry indicates that significant steps remain to
be taken to achieve this goal.
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